Abstract. The long non-coding RNA (lncRNA) XLOC_006390 is increased in various human cancer tissues and it plays important roles in cell growth and migration. However, the role of lncRNA XLOC_006390 in the progression and metastasis of cervical cancer has not been evaluated and remains unclear. In the present study, we hypothesized that lncRNA XLOC_006390 is also increased in cervical cancer, and upregulation of lncRNA XLOC_006390 contributes to cervical cancer metastasis. The expression of lncRNA XLOC_006390 in cervical cancer tissues and cell lines was analyzed using quantitative reversetranscription-polymerase chain reaction (qRT-PCR). RNA interference approach and an overexpression system were used to investigate the cellular functions of XLOC_006390 and SET domain containing 8 (SET8). Cell Counting Kit-8 (CCK-8) assay was performed to detect cell proliferation. Cell migration and invasion abilities were evaluated by Transwell assays. Western blotting and immunofluorescence were performed to detect SET8 protein expression. The results revealed that XLOC_006390 was increased in cervical cancer tissues. Patients with high XLOC_006390 expression were associated with FIGO stages III and IV (P=0.0170), lymphatic metastasis (P=0.0078) and distant metastasis (P=0.0025). Furthermore, SET8 was also increased in cervical cancer tissues and its expression was positively associated with XLOC_006390, and XLOC_006390 regulated SET8 expression. In addition, knockdown or overexpression of XLOC_006390 and SET8 expression suppressed or promoted cervical cancer cell proliferation, migration and invasion in vitro, respectively. In conclusion, our data suggest that lncRNA XLOC_006390 promotes cervical cancer cell growth and metastasis through the regulation of SET8, at least partly, which indicate the critical roles of XLOC_006390 and SET8 in cervical cancer progression and metastasis.
Introduction
Cervical cancer is the second most common malignancy in women worldwide (1) , and it leads to ~266,000 cancer-related deaths among women worldwide (2) . More than 52,000 new cervical cancer cases are diagnosed every year worldwide (2) . Recently, with the development and effectiveness of early screening tests for cervical cancer, the incidence and mortality rates of cervical cancer in developed countries have decreased (3, 4) . However, more than 80% of all new cervical cancer cases are diagnosed in developing countries (5) , and cervical cancer metastasis negatively impacts the survival of affected cervical cancer patients directly (3, 4) . Numerous studies, in recent years (6) (7) (8) , have focused on the metastasis of cervical cancer, but the underlying molecular and cellular mechanisms remain confusing.
Long non-coding RNAs (lncRNAs) are a group of endogenous non-coding transcripts with more than 200 nucleotides in length (9, 10) . For a long period of time, scientists believed that lncRNAs had no cellular and molecular functions, and were considered to be transcriptional noise. However, recently numerous studies indicate that lncRNAs contribute to different cellular processes (11) (12) (13) . During the last decade, scientists have demonstrated that abnormal expression of lncRNAs is associated with human diseases (14) (15) (16) , including different types of human cancers (17) (18) (19) . The expression of lncRNA LINC01133 was decreased in human colorectal cancer (CRC) tissues and a low expression level of LIINC01133 was associated with poor survival in CRC patients. Overexpression of LINC01133 inhibited epithelial-mesenchymal transition (EMT) and metastasis by regulating SRSF6 (20) . lncRNA colon cancer-associated transcript 2 (CCAT2) was found to be increased in human small cell lung cancer (SCLC) tissues and knockdown of CCAT2 expression suppressed the ability of SCLC cell proliferation and metastasis (21) . lncRNA taurine upregulated gene 1 (TUG1) was found to be significantly increased in human liver cancer tissues and metastatic liver cancer cell lines and knockdown of TUG1 suppressed liver cancer growth, metastasis and angiogenesis through the regulation of miR-34a-5p and the VEGFA regulatory network in vitro and in vivo (22) . Wang et al performed lncRNA microarray and analyzed the different expression levels of lncRNAs in pancreatic cancer and para-carcinoma tissues, and found that lncRNA XLOC_006390 was significantly increased in tumor tissues (23) . lncRNA XLOC_006390 also called lncRNA HOXA13 was markedly increased in hepatocellular carcinoma (HCC), and its expression level was associated with HCC patient clinical progression and survival outcome (24) . However, the role of lncRNA XLOC_006390 in the progression and metastasis of cervical cancer has not been evaluated and remains unclear. In the present study, we hypothesized that lncRNA XLOC_006390 is also increased in cervical cancer, and upregulation of lncRNA XLOC_006390 contributes to cervical cancer metastasis.
In the present study, we performed quantitative realtime polymerase chain reaction (qRT-PCR) and analyzed the expression level of lncRNA XLOC_006390 in human cervical cancer tissues. Our results found that lncRNA XLOC_006390 was significantly overexpressed in cervical cancer tissues compared with matched para-carcinoma tissues, which is consistent with findings of lncRNA microarray in pancreatic cancer (23) . Furthermore, we confirmed that SET domain containing 8 (SET8) was increased in cervical cancer tissues and it was positively associated with the expression level of lncRNA XLOC_006390. In addition, knockdown of lncRNA XLOC_006390 and SET8 suppressed cervical cancer cell proliferation and metastasis in vitro. Our results suggest that XLOC_006390 promotes cervical cancer proliferation and migration through the regulation of SET8 expression, at least partly, which indicate critical roles of XLOC_006390 and SET8 in cervical cancer progression and metastasis.
Materials and methods
Cervical cancer tissues. Thirty-seven primary cervical cancer tissues and 37 matched adjacent para-carcinoma tissues were obtained from patients with cervical cancer through surgery at the Department of Obstetrics and Gynecology of The Affiliated Hospital of Qingdao University from 2015-2016. All of the patients who participated in the present study had never received preoperative radiotherapy and/or chemotherapy. The volunteers were pathologically diagnosed with infiltrating carcinoma. The tumor stage was confirmed by two gynecological oncologists based on histopathological evaluation according to the International Federation of Gynecology and Obstetrics (FIGO) staging system for cervical cancer. Clinicopathological data are available for all samples in Table I .
Cell lines and culture conditions. Five cervical cancer cell lines, SiHa, HeLa, Caski, C4-1 and C-33a, were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and the American Type Culture Collection (ATCC; Manassas, VA, USA), respectively. All cell lines were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS) (both from Gibco-BRL, Gaithersburg, MD, USA). All the media contained 1% penicillin-streptomycin (100 U/ml penicillin and 100 µg/ml streptomycin).
All cervical cancer cells were cultured and maintained in a humidified incubator with 5% CO 2 at 37̊C.
Cell transfection. The SiHa cell line was used to perform siRNA knockdown experiments and 4C-1 cells were used in an overexpression system. Cells (1x10 5 ) were seeded into a 24-well culture plate, and incubated in RPMI-1640 medium with 10% FBS for 24 h. Then, the cells were transfected with siRNA (100 nM) targeting XLOC_006390 (siRNA sense, UUCCUAAAAGCUCAGAAACAGUU and antisense, GUU UCUGAGCUUUUAGGAAGUUU); or SET8 (siRNA sense, AGGAAUAGAUCUUUGACUGCCUU and antisense, CAGU CAAAGAUCUAUUCCUACUU); or lncRNA XLOC_006390 overexpression vector (20 µg) or SET8 overexpression plasmids (20 µg) (both from Vipotion, Guangzhou, China) using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) in RPMI-1640 medium without FBS in accordance with the manufacturer's guidelines.
qRT-PCR. Total RNA was extracted from tissues and cells using TRIzol reagent (Invitrogen). The RNA concentration and quality were determined by NanoDrop 2000 (Quawell, San Jose, CA, USA). Total RNA (2 µg) was used for first strand cDNA synthesis with a reverse transcription reaction using a reverse transcription kit (Takara, Dalian, China). The corresponding cDNA was used for quantitative real-time PCR using SYBR-Green Real-Time Master Mix (Takara). GAPDH was used as the internal control. The primers used for XLOC_006390 were: 5'-CCTTTGAATCCCTGAGAACTG AAC-3' (forward) and 5'-ACCTTCCTTCCCACTGGACCT TC-3' (reverse); for SET8, 5'-ACTTACGGATTTCTACCC TGT-3' (forward) and 5'-CGATGAGGTCAATCTTC-3' (reverse); for GAPDH, 5'-CCCACTCCTCCACCTTTGAC-3' (forward) and 5'-ATACCAGGAAATGAGCTTGACAA-3' (reverse). The qRT-PCR analysis was performed on Applied Biosystems 7500 Sequence Detection System (ABI, Foster City, CA, USA). Data were analyzed using the 2 -ΔΔCt method.
Western blotting. Total protein from tissues and cells were extracted using SDS lysis buffer (Beyotime, Shanghai, China). Tissues and cells were homogenized and incubated on ice for 10 min and centrifuged at 12,000 x g for 15 min. The supernatant was then collected and its concentration was determined using a BCA protein assay kit (Pierce, Rockford, IL, USA). Total protein (20 µg) was separated on 12% SDS polyacrylamide gels and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA, USA) in 25 mM Tris-base and 190 mM glycine at 60 V for 3 h at 4̊C. The membranes were blocked at 4̊C in Tris-buffered saline (TBS) containing 5% non-fat dried milk overnight and washed with phosphate-buffered saline (PBS) three times. Then, the membranes were incubated with primary antibodies (SET8; 1:10,000; ab177488) (GAPDH; 1:2,500; ab9485) (both from Abcam, Cambridge, MA, USA) for 1 h at room temperature and washed with PBS in triplicate. Finally, the membranes were cultured with goat anti-rabbit IgG-HRP (sc2004; Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a 1:5,000 dilution for 1 h at 37̊C. Proteins were analyzed by enhanced chemiluminescence (ECL) as described by the manufacturer's instructions (Beyotime).
Immunofluorescence (IF).
For IF, SiHa or C4-1 cells were transfected with SET8-siRNA or SET8 overexpression vectors and cultured on a coverslip for 48 h. Then, the coverslips were washed with PBS for 5 min and fixed in 4% paraformaldehyde (Beyotime). Subsequently, the cells were washed with PBS in triplicate and incubated with a primary antibody against SET8 at 4̊C for 12 h. The cells were then incubated with Alexa Fluor 594-conjugated goat anti-rabbit secondary antibody (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 4',6-Diamidino-2-phenylindole (DAPI) was used to stain the nucleus. Images were captured by an FV10i confocal microscope (Olympus, Tokyo, Japan).
Cell Counting Kit-8 (CCK-8) assay of cell proliferation.
Following transfection with siRNA or overexpression vectors, 0.5x10 3 SiHa or C4-1 cells were seeded in a 96-well cell culture plate. At 24, 48 and 72 h, cells were treated with 10 µl CCK-8 at 37̊C for 4 h. The absorbance at 450 nm was assessed using a microplate reader Thermo Plate (Rayto Life and Analytical Sciences Co., Ltd., Shenzhen, China). All experiments were performed at least three times.
Migration and invasion assays. Transwell migration and invasion assays were performed as previously described (25) . SiHa or C4-1 cells/well (1.5x10 5 ) were used for a migration assay, and 1x10
5 SiHa or C4-1 cells/well were used for an invasion assay. Cells that migrated or invaded were fixed with 100% methanol for 30 min and stained using 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO, USA) for 20 min and counted in five random fields of each filter under a microscope (IX71; Olympus) at a magnification of x200.
Statistical analysis. All data are presented as the mean ± SD. SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. All experiments were performed at least three times. The statistical significance of differences between groups was assessed using one-way analysis of variance (ANOVA) or a paired/unpaired Student's t-test or a Chi-square test, and P<0.05 was considered to indicate a statistically significant result.
Results
Expression level of lncRNA XLOC_ 006390 in cervical cancer tissues and cell lines. To investigate the expression level of lncRNA XLOC_006390 in human cervical cancer tissues, qRT-PCR was performed to detect the expression of XLOC_006390 in 37 cervical cancer samples. lncRNA XLOC_006390 was significantly upregulated in tumor tissues compared with matched adjacent para-carcinoma tissues (Fig. 1A) . Furthermore, we also analyzed the expression of XLOC_006390 in five cervical cancer cell lines and the results revealed that XLOC_006390 was increased in SiHa cells, and decreased in C4-1 cells compared with the HeLa cell line (Fig. 1B) . Based on the results, the SiHa and C4-1 cell lines were selected for further study.
Correlation of lncRNA XLOC_ 006390 expression with clinicopathological factors in cervical cancer patients. To investigate the relationship between lncRNA XLOC_006390 expression and clinicopathological factors in cervical cancer, 37 patients were divided into two groups according to the median expression level of XLOC_006390 (2.98): a low XLOC_006390 expression group (n=19, XLOC_006390 expression ratio ≤ median ratio) and a high XLOC_006390 expression group (n=18, XLOC_006390 expression ratio ≥ median ratio) (Fig. 1C) . The relationship between the expression level of XLOC_006390 and clinicopathological factors are shown in Table I . High XLOC_006390 expression was observed to be associated with FIGO stage (P=0.0170), lymphatic (P=0.0078) and distant metastasis (P=0.0025). In contrast, there was no association between XLOC_006390 expression with age (P=0.5148) and tumor size (P=0.3155).
Effects of XLOC_ 006390 on cervical cancer cell proliferation.
To evaluate the role of lncRNA XLOC_006390 in cervical cancer cell proliferation, the expression of XLOC_006390 was knocked down or overexpressed by siRNA or lncRNA LXOC_006390 overexpression vector transfection, respectively. The expression of XLOC_006390 was decreased in the SiHa cells after transfection with XLOC_006390-siRNA ( Fig. 2A) and increased in C4-1 cells after transfection with XLOC_006390 overexpression vectors (Fig. 2B) . CCK-8 assay results revealed that suppression or overexpression of XLOC_006390 expression inhibited or promoted the proliferation of the SiHa and C4-1 cell lines, respectively ( Fig. 2C and D) .
Effects of XLOC_006390 on cervical cancer cell migration and invasion.
To investigate the effect of lncRNA XLOC_006390 on cervical cancer cell migration and invasion, Transwell assays were performed. As shown in Fig. 3A and B, Table I . The association between XLOC_006390 expression and clinicopathological factors in cervical cancer patients. knockdown of XLOC_006390 inhibited the migration and invasion abilities of the SiHa cells. Overexpression of XLOC_006390 promoted the migration and invasion abilities of the C4-1 cells (Fig. 3C and D) .
XLOC_006390 --------------------------------------

SET8 is upregulated in cervical cancer tissues and correlated
with XLOC_ 006390 expression. The protein and mRNA expression of SET8 in cervical cancer tissues were detected using western blotting and qRT-PCR methods, respectively. It was observed that both the protein and mRNA expression level of SET8 were significantly increased in cervical cancer tissues compared with matched adjacent para-carcinoma tissues ( Fig. 4A and B) . Due to the fact that both the expression of XLOC_006390 and SET8 were significantly increased, we theorized a correlation between XLOC_006390 expression and SET8 expression in cervical cancer. The expression levels of SET8 in cervical cancer tissues were positively associated with the expression levels of XLOC_006390 (P=0.0049; R=0.2053; Fig. 4C ).
Effects of SET8 on cervical cancer cell proliferation.
To evaluate the effects of SET8 on cervical cancer cell proliferation, the expression of the SET8 protein in SiHa and C4-1 cells after transfection with SET8-siRNA or SET8 overexpression vectors were examined by western blotting and IF. Firstly, as shown in Fig. 4C , we found that the expression level of SET8 was positively associated with XLOC_006390 expression. In the present experiment we found that SET8 was decreased or increased after transfection with XLOC_006390-siRNA or XLOC_006390 overexpression vectors in SiHa or C4-1 cells, respectively ( Fig. 5A and B) . Furthermore, western blotting and IF results revealed that the expression of SET8 was suppressed or increased in SiHa or C4-1 cells after transfection with SET8-siRNA or SET8 overexpression vectors, respectively (Fig. 5A-C) . In addition, CCK-8 assay results revealed that suppressed SET8 expression inhibited the proliferation of SiHa cells and overexpression of XLOC_006390 promoted C4-1 cell proliferation (Fig. 5D) .
Effects of SET8 on cervical cancer cell migration and invasion.
To investigate the role of SET8 on cervical cancer cell migration and invasion, Transwell assays were performed. As shown in Fig. 6 , knockdown or overexpression of SET8 inhibited or promoted the migration and invasion abilities of the SiHa and C4-1 cells, respectively.
Discussion
Cervical cancer is still one of the leading causes of cancerrelated deaths in females worldwide (26) . Although, the treatment methods including surgery, radiotherapy and chemotherapy have been greatly improved, the survival rate of cervical cancer patients is still unsatisfactory due to the high recurrence and metastasis rate (3, 4) . Therefore, searching for a useful molecular biomarker may provide a new strategy to improve the survival of cervical cancer patients.
Numerous studies have indicated that lncRNAs play critical roles in various physiological processes, including cell proliferation, cell differentiation and epigenetic information (27) (28) (29) . Increased research has revealed that dysregulated expression of lncRNAs is involved in pathological processes, such as malignant tumors (30, 31) . Effective control of cell growth, survival and aggressiveness plays a critical role in preventing and treating tumors, successfully. Therefore, increased understanding of the biological functions of lncRNAs may provide potential useful approaches for cervical cancer diagnosis and treatment. The expression of lncRNA GAS5 was decreased in cervical cancer tissues and a lower expression of lncRNA GAS5 was associated with a poorer survival rate of patients (32) . Cervical cancer cell proliferation was promoted by lncNRA CCHE1 through regulation of PCNA expression (33) . lncRNA HOTAIR was increased in cervical cancer tissues and a higher expression of HOTAIR was associated with poorer prognosis. HOTAIR could promote cervical cancer cell aggressiveness through the promotion of VEGF and MMP-9 expression in vitro (34) . However, there are no studies concerning lncRNA XLOC_006390 in the progression and metastasis of cervical cancer. In the present study, we found that lncRNA XLOC_006390 was increased in cervical cancer tissues and a higher expression of XLOC_006390 was associated with advanced FIGO stage, lymphatic metastasis and distant metastasis. Furthermore, knockdown of XLOC_006390 suppressed SiHa proliferation, migration and invasion in vitro, and overexpression of XLOC_006390 promoted C4-1 cell proliferation, migration and invasion. Moreover, SET domain containing 8 (SET8) was found to be overexpressed in cervical cancer tissues and its expression level was positively associated with XLOC_006390 expression. In addition, knockdown of XLOC_006390 suppressed SET8 expression, and overexpression of XLOC_006390 induced SET8 expression. Our results revealed that XLOC_006390 may play a critical role in the proliferation and metastatic potential of cervical cancer through the regulation of SET8 expression. Nevertheless, only 37 patients were involved in the present study, this may be a limitation for analyzing the correlation of lncRNA XLOC_006390 expression with clinicopathological factors in cervical cancer patients. More volunteers are needed for the investigation of the role of lncRNA XLOC_006390 in the progression and metastasis of cervical cancer, and to confirm the potential role of lncRNA XLOC_006390 as a diagnostic and treatment target for cervical cancer.
SET8 also called PR-Set7/9, KMT5A or SETD8, is one of the SET domain-containing methyltransferases that specifically targets histone H4 lysine 20 (H4K20) for monomethylation, and which exerts diverse biological processes, including activation or silencing of gene transcription (35, 36) , maintaining chromosome structure and stability (37, 38) , regulating the cell cycle and preventing premature chromatin compaction in the S phase (39, 40) , and rescuing and degrading DNA damage (41, 42) . Yu et al found that miR-7 suppressed the invasive potential of breast cancer cells by targeting SET8 (43) . However, the role of SET8 in cervical cancer metastasis and how the expression of SET8 is regulated are poorly understood. In the present study, we found that SET8 was increased in cervical cancer tissues. Knockdown of SET8 suppressed SiHa proliferation, migration and invasion in vitro, and overexpression of SET8 promoted C4-1 cell growth and metastasis. Furthermore, the expression level of SET8 was positively associated with the expression of XLOC_006390. All the results indicated that upregulation of lncRNA XLOC_006390 may promote cervical cancer cell proliferation and metastasis through the regulation of SET8. Nevertheless, our results only revealed that knockdown of XLOC_006390 suppressed the expression SET8 and overexpression of XLOC_006390 induced the expression of SET8. How XLOC_006390 regulates SET8 expression and its regulatory mechanism need to be confirmed in the future.
In conclusion, we demonstrated that lncR NA XLOC_006390 and SET8 were increased in cervical cancer tissues, and the expression level of SET8 was positively associated with the expression of XLOC_006390. Furthermore, lncRNA XLCO_006390 regulated SET8 expression. Moreover, knockdown or overexpression of XLOC_006390 and SET8 expression suppressed or promoted cervical cancer cell proliferation and metastasis in vitro, respectively. In conclusion, our data demonstrated that lncRNA XLOC_006390 promoted cervical cancer cell growth and metastasis through the regulation of SET8, at least partly, which indicated the critical roles of XLOC_006390 and SET8 in cervical cancer progression and metastasis.
